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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Patent document US-A-5480193 (D1) describes a vacuum tight coupling for end 
portions of two tubular sections, the size of the inner space of a first end portion 
(10) being smaller than that of a second end portion (15), the second end portion 
(15) having a flange extremity (15a) axially slidable over the first end portion (10) 
to abut the flange extremity (15a) against a peripheral outer abutment ring (10a) 
on said first end portion (10), the coupling comprising at least one sealing ring 
(12,13) between said end portions in their overlapping contact area and further 
comprising a clamping ring (25) with a substantially cylindrical outer surface and 
being composed of two substantially equal halves (25a, 25b), each clamp half 
having a semi-circular cross-section with an inwardly oriented recess (25c), said 
recess (25c) enclosing said flange extremity (15a) and said abutment ring (10a), 
the two ring halves being fixed to each other at their extremities by means of fixing 
means comprising in at least one place bolting means (18,20,22), the axis of 
which is perpendicular to the longitudinal axis of the coupled tubular sections and 
substantially tangential to the clamping ring periphery. 

2. The apparatus according to claim 1 differs therefrom in the sense that the recess 
is adapted to positively and solidly axially clamp the abutment ring against the 
flange extremity (whereas in the device according to D1 an annular spring (14) is 
present which would diminish any solidity of the joint). 

3. The positive and axially solid clamping of the coupling according to claim 1 means 
that it is particularly suitable for use in rotating applications where a vacuum tight 
joint must be maintained over a period of time. 

4. The subject-matter of claim 1 therefore meets the requirements of Articles 33(2) 
and (3) PCT. 

5. Claims 2-1 3 describe further embodiments of or with the device according to claim 
1 and thus also meet the requirements of Articles 33(2) and (3) PCT. 
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CLAIMS 

1. A vacuum tight coupling for and portions (1 ,2} of two tubular s ctions, the 
size of the inner space of a first end portion (1 ) being smaller than that of 

5 a second end portion (2). the second end portion having a flange extremity 
(1 1 ) axialiy siidable over the first end portion to abut the flange extremity 
11 against a peripheral outer abutment ring (10) on said first end portion, 
the coupling comprising at least one sealing ring (4,5) between said end 
portions in their overiapping contact area and further comprising a 

10 damping ring (3) with a substantially cylindrical outer surface and being 
composed of two substantially equal halves (12J3), each damp half 
having a semi-drcular or U-shaped cross section with an inwardly oriented 
recess (6), said recess endosing said flange extremKy^l 1 |and said 
abutment ring (10) and being adapted to positively^nd axiaT^ damp the 

1 5 abutment ring (1 0) against the flange extremity (1 1 ), the two ring halves 
being fixed to each other at their extremities (1 5.16) by means of fixing 
means comprising in at least one place bolting means (9), the axis (14) of 
which is perpendicular to the longitudinal axis of the coupled tubular 
sections and substantially tangential to the clamping ring periphery. 

20 

2. A coupling according to claim 1 wherein said flange extremity (1 1) is a 
separate ring. 

3. A coupling according to daim 1 or 2. wherein the ring halves, besides said 
25 bolting means (9) for fixing their extremities (1 5, 16) in one place comprise 

pivoting means (17) for fixing them in their opposite extremities (21,22). 

4. A coupling according to any previous daim. wherein/a tubular ir^ert (20) 
IS coupled between cairi^first^andysecond end portion, and wherein the 

30 insert end (23) facing the ffrot end pert ion^A^ s a ring which can slide 

axialiy over said Tli^ i ond^rt th opposite ins rt end (24) is a 

ring over which said second end portion (2) can slid . 
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5. A coupling according to any previous claim, wher in the length of th 
overlap portion between th first and second tub portions (1, 2} is 50% or 
less, preferably 30% or less, more preferably 20% or less of the inner 

5 diameter of the first portion. 

6. A coupling according to any previous claim, wherein the length of the 
overlap portion between the first and second end portions (1 , 2) is 5% or 
more of the inner diameter of the first portion. 

10 

7. A coupling according to any previous claim, wherein the coupling is an 
high vacuum or ultra-high vacuum coupling. 

8. A coupling for a cylindrical sputtering target comprising the coupling 
1 5 according to any of claims 1 to 7. 

9. The coupling for a cylindrical sputtering target according to claim 8, 
wherein the fixing means of the clamping ring (3) is located on the side of 
the coupling remote from the sputtering target. 

20 

10. The coupling for a cylindrical sputtering target according to claim 8 or 9, 
further comprising an anti-arcing element (32. 36) attached tohfie"^^^v!]^***" 
clamping ring (3) on the same side as the sputtering target for preventing 
arcing. 

25 

1 1. The coupling for a cylindrical sputtering target according to any of claims 
8 to 10, wherein the anti-arcing element Is conductive or insulating. 

12. The coupling for a cylindrical sputtering target according to any of claims 
30 8 to 1 1 , wherein a at least one groove (38, 39) is provided between the 

anti-arcing element and the clamping ring (3). 

<:• > 
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(57) Abstract 

The invention relates to a vacuum tight coupling for the end portions (I, 2) of two tubular sections, the size of the inner space of 
a first end portion (1) being smaller than that of the second end portion (2). The second end portion, with its flange extremity (1 1) can 
axially slide over the first end portion against an abutment ring (10) on said first end portion. The coupling includes at least one sealing 
ring (4, 5) between said end portions and a clamping ring (3) with a substantially cylindrical outer surface. The ring (3) is composed of 
two substantially equal halves (12, 13) with each a U-shaped cross section with an inwardly oriented recess (6), said recess enclosing said 
flange and said abutment against each other. The two ring halves are fixed to each other at their extremities (15, 16) and the fixing means 
comprises in at least one place bolting means (9). 
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1 

VACUUM TIGHT COUPLING FOR TUBE SECTIONS 

The invention relates to a vacuum tight coupling for the end portions of two 
tubular sections. In particular it relates to the coupling of heavy tube sections 
5 which have to rotate around their longitudinal tube axis such as. for example, 
rotatable targets in vacuum sputtering reactors, in particular magnetrons. 

Background of the invention 

Vacuum or at least fluid tight couplings for tube ends are known from 

10 the patent publications DE 3328137; US 4,900,063; US 5,591,314; WO 

85/04940 and EP 0726 417. Most of these coupling devices include clamping 
rings that, due to the nature of their fixing means, do not have a substantially 
cylindhcal outer surface. This prevents tube rotation within a small opening 
surrounding -i.e. radially facing - the clamping rings, in addition, when joined, 

15 the transverse tube extremities essentially abut with their end faces against 
each other with sealing means positioned in between them in this transverse 
abutment area. When one tube end has to carry the other heavy tube, e.g. in 
cantilever mode and optionally has to set it in rotation, e.g. at a considerable 
speed, then the structure of these known abutment-type couplings is 

20 subjected to virtually insupportable stresses and loads. 

US 5,480.193 describes a push-on fitting including a split clamp. An 
inner tube end is provided with two "O" ring seals and an outer tube end is 
pushed over the seals. Each half of the axial clamp includes a semi-annular 
surface positioned to encircle that portion of the push-on fitting lying over the 

2 5 seals. Elastic inserts are placed in the clamp which damp down onto the 

outer tube. Due to the use of elastic components there is some possibility of 
relative movement between the inner and outer tube. 

US 5,647,612 describes a push-on tube fitting which is clamped by a 
hinged clamp. In the closed position the two halves of the clamp co-operate to 

30 form a recess corresponding to that of the fitted part of the couplings, thereby 
axially restraining the couplings but not clamping them together. The clamp is 
held closed by a releasable locking mechanism. 



CONFIRMATION COPY 
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Object and summary of the invention 

It is an object of the invention to avoid the disadvantages of known 
couplings and to provide a reliable vacuum tight coupling for relatively heavy 
5 tube sections. It is also an object to design such a coupling which permits 
rotation at relatively high speeds when needed. It is a further object to 
produce a coupling which can easily be assembled and disassembled and 
which is readily usable e.g. as a spindle/target-coupling for a rotatable 
sputtering target. The coupling is designed for multiple disassembly and 

1 0 reassembly. After fixing the coupling, the spindle may be attached to its 

supporting unit, e.g. an end block which is provided with the connections for 
dhving and cooling the inner space of the target tube. 

In the vacuum tight coupling for the end portions of two tubular 
sections according to the present invention the inner diameter of the first end 

15 portion is chosen to be smaller than that of the second end portion. This 
second end portion carries a radially outwardly extending flange extremity 
and this portion can be slid axially over the first end portion to abut against a 
peripheral outer abutment ring on said first end portion. At least one sealing 
ring is provided between said end portions in their overlapping cylindrical 

2 0 contact area. The coupling comprises further a clamping ring with a 
substantially cylindrical outer surface. This ring is composed of two 
substantially equal halves with each a U-shaped cross section with an 
inwardly oriented recess, said recess enclosing said flange portion of the 
second end portion and said abutment ring of the first end portion. Tightening 

2 5 of the clamp results in longitudinal (axial) positive clamping of the abutment 
ring to the flange. The clamp operates directly on the flange and ring. 
Preferably, the load bearing surfaces of the clamp, flange extremity and 
abutment ring are made of metal, e.g. steel. The fixing means for the ring 
halves comprise in at least one place bolting means, the axis of which is 

30 perpendicular to the longitudinal axis of the coupled tubular sections and 
substantially tangential to the clamping ring periphery. 

To provide for a robust coupling, said overiapping cylindrical contact 
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area, where one tube end enters the other, should exceed a minimum surface 
in relation to the inner diameter "d" of the first end portion. For example, the 
minimum overlap may be 5% of the inner diameter of the first end portion. In 
this manner the entering tube end will offer a proper mechanical support for 
the surrounding tube end during any conditions of operation. To allow ease of 
coupling in confined spaces the amount of overlap should preferably be 
limited in length. For example, it is preferred if the length of overlap between 
the first and second end portions is 50% or less of the inner diameter "d" of 
first end portion, more preferably 30% or less and most preferably 20% or 
less. The overlap may be 10%. This amount of overlap is sufficient to provide 
both enough space for sealing rings and also mechanical stability. 

To prevent arcing is it preferable to attach an anti-arcing element to the 
surface of the clamping ring. The anti-arcing element may be a ring. The anti- 
arcing element may be made of an insulating or a conductive material. 

The invention will now be described with reference to the attached 
drawings. Further details and advantages will be clarified, in particular in 
relation to certain preferred embodiments for couplings for spindles to 
rotatable targets. 

Brief description of the drawings 

Fig. 1 is a longitudinal cross sectional view of a coupling according to 
an embodiment of the present invention. 

Fig. 2 is a transverse cross section of Fig. 1 showing clamping ring 

halves. 

Fig. 3 is a longitudinal cross sectional view of an alternative 
embodiment wherein, i.a. the flange extremity on the second end portion is a 
separate ring. 

Fig. 4 shows a transverse cross section of the clamp of Fig. 3. 
Fig. 5 shows in longitudinal cross section an alternative embodiment of 
the fixing arrangement for the two halves of the clamping ring. 

Fig. 6 shows a transverse cross-section of the clamp of Fig. 5. 
Fig. 7 relates to the insertion of a tubular section between first and 
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second end portions of the two cx)uplings. 

Fig. 8 is an exploded schematic view of a coupling according to a 
further embodiment of the present invention. 

Fig. 9 is a longitudinal cross-sectional detail of the coupling of Fig. 8. 

5 

Detailed description of certain embodiments 

The present invention will be described with reference to certain 
embodiments and to certain drawings but the present invention is not limited 
thereto but only by the claims. The coupling in accordance with the present 

10 invention is particularly suitable as a vacuum coupling. The couplings in 
accordance with the present invention are not only suitable for levels of 
vacuum in the range 0.5 to 0.01 bar but are also suitable for high vacuum 
levels such as 1 0 or lower, in particular 1 0"^ or lower, for example 1 0"^ to 1 0 ® 
bar. Couplings in accordance with the present invention may be ultra-high 

15 vacuum couplings. Ultra-high vacuum in accordance with this invention is 10* 
bar or lower, e.g. 10'^^ down to 10'^^ bar. 

An embodiment of a vacuum tight coupling in accordance with the 
present invention is shown schematically in Fig. 1. Generally, the structural 
materials of the coupling may be made of a metal, e.g. steel, or any other 

20 suitable high strength material. The coupling has end portions 1, 2 of two 
tubular sections. The first end portion 1 may have a smaller inner diameter 
than that of end portion 2. When applying the invention to a spindle/target- 
coupling, the first end portion 1 is part of, or fits into or onto the spindle and 
the second end portion 2 is part of the target tube or fits into or onto the target 

25 tube. The target tube may have an inner support tube 7 onto which the 

cylindrical layer 8 of target material is fixed. The size of the inner space of the 
first end portion 1 is smaller than that of the second end portion 2. The 
second end portion 2 carries a flange extremity 1 1 which can be slid axially 
over the first end portion 1 to come to rest abutted against a peripheral outer 

30 abutment ring 10 on said first end portion. The contact between the abutm nt 
ring 10 and the flange 1 1 will be called the abutment area. 

The coupling includes at least one sealing ring 4, 5 between said end 
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portions in their overlapping contact area. Sealing ring 4, 5 may be an O-ring 
seal. An O-ring 5 is preferably arranged in a circumferential groove on the 
outside of the end portion of the spindle. An O-ring 4 is preferably located 
near the abutment area with the end portion of the target tube. Although one 
5 O-ring could in principle assure a vacuum tight sealing, two O-rings warrant a 
maximal vacuum integrity under the most extreme conditions of operation. 
Both O-rings 4 and 5 are mounted on the spindle during assembly. This 
arrangement provides an automatic and uniform pressure on the seal which 
minimises the risk of damaging them or the sealing surfaces during assembly, 

10 revision, cleaning and target exchange. The couplings in accordance with the 
present invention are designed for repetitive assembly and disassembly while 
still maintaining their mechanical properties, e.g. suitable for vacuum or ultra- 
high vacuum conditions. Rubber O-ring seals (e.g. Viton™ rubber O-rings) 
are suitable for high vacuum use, i.e. down to about 10"® bar. Due to 

15 outgassing from the rubber such rings are not preferred for ultra-high vacuum 
use. Toroidal flexible metal seals supplied under the trade name Helicoflex™ 
(supplier Le Carbone-Lorraine, France) may be used instead of rubber O- 
rings for ultra-high vacuums, e.g. 10'^^ to 10"^^ bar. 

The coupling comprises further a clamping ring 3 with a substantially 

20 cylindrical outer surface. Substantially cylindrical means that the envelope of 
the outer circumference of the ring with its fixing means 9 does not show parts 
which extend radially outside said circumference to a significant extent. As a 
result, cylindrical shields may be placed quite closely over the clamp without 
touching it, even during relative rotation between the clamp and the 

25 cylindrical shield. Clamping ring 3 is preferably made from a high strength 
material such as a metal, e.g. steel. The clamping ring 3 is composed of two 
substantially equal halves 12, 13, each having a semi-circular or U-shaped 
cross section with an inwardly oriented recess 6. Upon closing the ring 3, said 
recess 6 encloses the flange 1 1 and said abutment ring 10. Tightening of the 

30 clamp halves 12, 1 3 forces thereby the transversal end faces of the abutment 
ring 10 and the flange 1 1 tightly against each other by means of the conically 
machined edges (25 in Figs. 3, 9). The clamp 3 provides not only longitudinal 
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or axial restraint of the two end portions 1 , 2 but also actively and positively 
clamps ring 10 to flange 1 1 . Clamp 3 preferably has at least one bevelled 
inner edge 25 which co-operates during clamping with a chamfered edge 28 
on one of the ring 10 or flange 1 1 (as shown in Fig. 3 the chamfered edge 28 
5 is on the ring 10). The angle of the chamfer/bevel should be such as to 

provide a strong axial pressure on the respective ring 10 or flange 1 1^ On the 
other one of the ring 10 or flange 1 1 there may be no chamfered/bevelled 
edges (as shown in Fig. 3) or these edges may also be provided with co- 
operating chamfers 29. 30 (Fig. 9). By clamping the flange 1 1 to the abutment 

10 ring 10 in a solid manner, relative movement between ring 10 and flange 1 1 is 
prevented, independent of whether this movement is axial with respect to end 
portions 1 , 2 or rotational about a rotation axis parallel to the axis of end 
portions 1 , 2 or rotational about an axis perpendicular to the axis of end 
portions 1 , 2. This means that during rotation of the coupling, any 

15 circumferential out of balance forces do not result in repetitive small rotational 
or linear movements which could damage the seals 4, 5 or produce periodic 
movements which could cause periodic variations in the processing, e.g. 
when sputtering. The two ring halves 12, 13 are fixed to each other at their 
extremities 15, 16 by a fixing means, e.g. bolts 9. 

20 The fixing means comprises in at least one place bolting means 9, the 

longitudinal axis 14 of which is perpendicular to the longitudinal axis of the 
coupled tubular sections and substantially tangential to the clamping ring 
periphery. This securing of the clamp halves 12, 13 together is shown here 
with only two bolts 9 which are screwed in threaded holes in the clamp end 

2 5 face 16. They can be reached and seen very easily at any rotational position 
of the clamp 3. This guarantees a fast and user friendly interface for mounting 
and removing a cylindrical tube, in particular a rotatable target. In this 
embodiment, as shown in Fig. 2, both bolts are fastened from the same side. 
This coupling system does not have to be turned through 180** about its 

30 longitudinal axis to couple and clamp the tube ends. When used for target-to- 
spindle couplings, the screw holes for the bolts are provided at the spindle 
side (towards end portion 1 ) to prevent or reduce the sputtering of material 
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onto the bolts. Clamping ring 3 preferably have a solid section into which the 
holes for the bolts 9 are provided. The clamping ring 3 also have a recess for 
receiving the outer circumferential edges of the flange 11 and ring 10. This 
recess is preferably placed axially asymmetrically v^^ith respect to the bolts 9, 
5 i.e. to one side of the recess resulting in a smaller outer diameter for the 
clamp 3. 

In a further embodiment shown schematically in Figs. 3 and 4 the bolts 
9 are oriented in opposite directions to each other. In this manner each hng 
halve 12, 13 is identical and thus replaceable by the opposite one 13, 12. Fig, 

10 3 shows the use of a separate flange ring 1 1 at the end of the overlapping 
tube section 2. This feature offers the advantage that the supporting tube 7 
for the target does not need to be produced each time with a flange at its end. 
Separate flange rings 1 1 can be interposed that properly fit with the design ad 
hoc of tube end 2 and the co-operating clamping ring 3. The flange ring 1 1 is 

15 fixed to the tube end 2, e.g. by welding. 

In Figs. 5 and 6 an alternative design of the clamping ring 3 is shown. 
The two ring halves 12 and 13 are pivotably linked to each other in one 
contact area of their extremities 21 and 22 by means of pivot pins 17 suitably 
mounted in a pivoting block 26. The two halves can be pivoted in an open 

20 position 19. The other extremities 15 and 16 are then suitably fixed to each 
other by a bolt 9 in an internally screw threaded bore 18. 

In certain vacuum chambers of sputtering reactors it is useful to 
provide for different sputtering widths. This corresponds to different lengths of 
the rotatable targets to be used. The active width of the sputtering area may 

25 thus be substantially shorter than the distance between the two opposite 
spindles which carry the target tubes. In this manner it is advantageous to 
provide at least one tubular insert section 20, as shown in Fig. 7, between 
spindle 1 and target tube 2. The transverse end 23 of the insert tube 20, that 
faces the first end portion 1 (spindl ) is then again a ring which can slide 

30 axially over said first end portion. Likewise the opposite end 24 of the insert 
tube 20 is a ring over which said second end portion 2 can slide. This end is 
again provided with a suitable circumferential groove 27 for a sealing ring. 
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A further clamping device 3 in accordance with an embodiment of the 
present invention Is shown schematically in Figs. 8 and 9 and can be 
provided with additional rings 31 and/or 32 which may be used to prevent 
arcing in a sputtering magnetron. One of the tube ends (2) is part of a rotating 
5 cylindrical target and can be advantageously used in a reactive sputtering 
process. Use of the clamping device 3 in accordance with this embodiment 
prevents arcing when used in a vacuum deposition process. The numbering 
of the various parts in Figs. 8 and 9 corresponds with those of the previous 
embodiments, except In previous embodiments the material to be sputtered 8 

10 was applied onto a backing tube 7. In this embodiment the material to be 
deposited may be in the form of a massive tube 2 provided with an integral 
ring 37 fixed to the end thereof and having the appropriate clamping flange 
1 1 . Thus, in accordance with this embodiment the second end portion is 37. 
However, the present embodiment is not limited thereto but may include the 

15 flange fixing methods described with reference to Figs. 1 and 3. 

The clamping device 3 is used as a means for mounting a cylindrical 
rotating target represented by 2 to a spindle represented by 1. Clamping 
device 3 may include two clamping semi-circular halves 12, 13 which may be 
fastened together with any of the fixing means described with reference to 

20 Figs. 1 to 7. The outer circumference of clamp 3 is substantially cylindrical as 
has been described with respect to all the previous embodiments. Clamp 3 
provides positive axial clamping of the abutting flanges 10, 11. For this 
purpose, the clamping halves 12, 13 are provided with at least one bevelled 
surface 25, 29 which co-operates with at least one chamfered surface 28. 30 

25 on the ring 10 and/or the flange 1 1 to force the ring 10 and the flange 1 1 
together and to clamp their machined abutting surfaces positively together. 

A cross-sectional view of the extended clamp in accordance with this 
embodiment is shown below in Fig. 9. Fig. 8 shows an exploded view. 
Additional rings 31 and 32 are provided which may be in two pieces, while 

30 reference numbers 33 and 34 represent retaining rings (made from a suitable 
material such as spring steel) for securing split rings 31 and 32 close to the 
clamp halves 12 and 13. Rings 33, 34 may be single pieces. Retention may 
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be done by inserting a number of fixing pins 35 (e.g. four) through the clamp 
halves 12 and 13. Rings 31 and 32 provide a functional contribution during 
the reactive sputtering process. Retaining rings 33 and 34, together with pins 
35 are intended to enable attachment of rings 31 and 32 to the clamp halves 
5 12 and 13 which have been described in detail above. Ring 31 may be made 
of insulating material and is intended to isolate ring 32 electrically from the 
clamp halves 12, 13. Ring 31 is not essential when ring 32 is insulating. 
During a sputtering process, clamp halves 12, 13 are brought to the same 
potential as the target 2. Ring 32 may be made of insulating material as well. 

10 The axially directed annular lip 36 on the inner diameter of ring 32 extends 
over the target 2 and may have a rectangular shape in cross-section although 
the present invention is not limited thereto. For instance, a saw tooth-like 
shape, of which the edge touches the target 2 exactly at the edge of the 
plasma race-track induced above the target 2 in a sputtering magnetron could 

15 also be used. The present invention includes within its scope other forms of 
the lip 36 which extend over the target surface appropriately designed for 
different process conditions. 

In an alternative embodiment, the ring 32 may be made from a 
conductive material and slightly spaced from the target surface. This ring 32 

20 may be brought to a desired potential, grounded or be electrically floating. In 
this case, the presence of insulating ring 31 is advantageous to insulate the 
conductive ring 32 from the clamp halves 12, 13 which are at a potential. 
Additional, in this configuration, pins 35 should be designed to prevent 
electrical contact of the clamp halves 12, 13 with ring 32. For example, this 

25 can be achieved by using insulating pins or by putting an insulating sleeve 
over these pins. The lip 36 on 32, extending over the target 2, is preferably 
equally spaced over the target surface. The lip end, shown in Fig. 9 as having 
a rectangular cross-section, could have a round, saw tooth or alternative 
cross-section. This metallic shield may be beneficial in reducing arcing during 

30 sputtering processes. This metallic shield is not connected electrically and 
will assume a floating potential after plasma ignition. 

Preferably, both rings 31 and 32 have a geometry at their outer 
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circumference which provides a groove 39 between clamp halves 12, 13 and 
ring 31 when they are fixed together and a labyrinth groove 38 between rings 
31 and 32. During a sputtering process, not only the substrate is covered with 
the required film, but all other bodies and walls in the vacuum chamber are 
5 coated as well. This means that eventually ring 31 and 32 will be covered with 
a sputtered film. If the sputtered coating is conductive, an electrical short may 
be formed from the clamp halves 12, 13 over the insulating ring 31 to ring 32. 
If ring 32 is conductive and this ring is to be maintained at a potential different 
from the clamp potential, it is important that no conductive path between both 

10 is formed. By providing a complex groove 38 between rings 31 and 32 and a 
groove 39 between clamp halves 12, 13 and ring 3, the chance of having a 
conductive path is reduced considerably. 

The skilled person will appreciate that the present invention also 
includes within its scope the independent invention of a coupling for a 

1 5 cylindrical sputtering target comprising an anti-arcing element attached to the 
side of the coupling facing the sputtering target. The coupling may be used to 
couple a cylindrical target to a spindle. The spindle may be driven to rotate 
the coupling and the target. The envelope of the outer surface of the coupling 
may be substantially circular so that the coupling may be placed within a 

2 0 close fitting tubular shield. Two end portions of two tubular sections may be 
coupled with this coupling, the size of the inner space of a first end portion 
being smaller than that of a second end portion, the second end portion 
having a flange extremity axially slidable over the first end portion to abut the 
flange extremity against a peripheral outer abutment ring on said first end 

25 portion, the coupling comprising at least one sealing ring between said end 
portions in their overiapping contact area and further comprising a clamping 
ring with a substantially cylindrical outer surface and being composed of two 
substantially equal halves, each clamp half having a semi-circular or U- 
shaped cross section with an inwardly oriented recess, said r cess enclosing 

30 said flange extremity and said abutment ring. 
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CLAIMS 

1 . A vacuum tight coupling for end portions (1 ,2) of two tubular sections, the 
size of the inner space of a first end portion (1 ) being smaller than that of 

5 a second end portion (2), the second end portion having a flange extremity 
(11) axially slidable over the first end portion to abut the flange extremity 
1 1 against a peripheral outer abutment ring (10) on said first end portion, 
the coupling comprising at least one sealing ring (4,5) between said end 
portions in their overlapping contact area and further comprising a 

10 clamping ring (3) with a substantially cylindrical outer surface and being 
composed of two substantially equal halves (12,13), each clamp half 
having a semi-circular or U-shaped cross section with an inwardly ohented 
recess (6), said recess enclosing said flange extremity (1 1 ) and said 
abutment ring (10) and being adapted to positively and axially clamp the 

15 abutment ring (10) against the flange extremity (1 1 ), the two ring halves 
being fixed to each other at their extremities (1 5,16) by means of fixing 
means comprising in at least one place bolting means (9), the axis (14) of 
which is perpendicular to the longitudinal axis of the coupled tubular 
sections and substantially tangential to the clamping ring periphery. 

20 

2. A coupling according to claim 1 wherein said flange extremity (1 1 ) is a 
separate ring. 

3. A coupling according to claim 1 or 2, wherein the ring halves, besides said 
25 bolting means (9) for fixing their extremities (15,16) in one place comprise 

pivoting means (17) for fixing them in their opposite extremities (21 ,22). 

4. A coupling according to any previous claim, wherein a tubular insert (20) 
is coupled between said first and second end portion, and wherein the 

30 insert end (23) facing the first end portion (1 ) is a ring which can slide 

axially over said first end portion whereas the opposite insert end (24) is a 
ring over which said second end portion (2) can slide. 
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5. A coupling according to any previous claim, wherein the length of the 
overlap portion between the first and second tube portions (1, 2) is 50% or 
less, preferably 30% or less, more preferably 20% or less of the inner 

5 diameter of the first portion. 

6. A coupling according to any previous claim, wherein the length of the 
overlap portion between the first and second end portions (1 , 2) is 5% or 
more of the inner diameter of the first portion. 

10 

7. A coupling according to any previous claim, wherein the coupling is an 
high vacuum or ultra-high vacuum coupling. 

8. A coupling for a cylindrical sputtering target comprising the coupling 
1 5 according to any of claims 1 to 7. 

9. The coupling for a cylindrical sputtering target according to claim 8, 
wherein the fixing means of the clamping ring (3) is located on the side of 
the coupling remote from the sputtering target. 

20 

10. The coupling for a cylindrical sputtering target according to claim 8 or 9, 
further comprising an anti-arcing element (32, 36) attached to the 
clamping ring (3) on the same side as the sputtering target for preventing 
arcing. 

25 

1 1 . The coupling for a cylindrical sputtering target according to any of claims 
8 to 10, wherein the anti-arcing element is conductive or insulating. 

12. The coupling for a cylindrical sputtering target according to any of claims 
30 8 to 11 , wherein a at least one groove (38, 39) is provided between the 

anti-arcing element and the clamping ring (3). 
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CYLINDRICAL KAGNETRON SHIELD STRUCTURE 



Background of the Invention 

This invention relates generally to magnetrons 
of a type using rotating cylindrical sputtering targets, 
and, more specifically, to structures and techniques for 
minimizing arcing in such magnetrons. 

Cylindrical magnetrons are becoming widely 
used for depositing films on substrates. An example is 
the deposition of a stack of dielectric and metal layers 
on a surface of a glass substrate for the purpose of 
filtering out a portion of solar energy from passing 
through the glass. Such a substrate is positioned 
within a vacuum chamber containing at least one, and 
usually two, rotating cylindrical targets containing 
sputtering material on an outer surface thereof. Both 
inert and reactive gases are generally introduced into 
the chamber. A voltage applied to the sputtering 
target, with respect to either the vacuum chamber -enclo- 
sure or a separate anode, creates a plasma that is 
localized along a sputtering zone of the target by 
stationary magnets positioned within the target. Mate- 
rial is sputtered off the target surface and onto the 
substrate by bombarding the target with electrons and 
ions of the plasma as it passes through the stationary 
sputtering zone. 

The magnets are usually of a permanent magnet 
type, arranged along a line within the rotating cylin-- 
drical target and held against rotation with the target. 
The sputtering zone is created by the magnets along sub- 
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stantially the entire length of the cylindrical sputter- 
ing target and extends only a small circumferential 
(radial) distance around it* Traditionally, the magnets 
are arranged so that the sputtering zone exists at the 
5 bottom of the cylindrical target, facing a substrate 
being coated directly beneath. 

Although deposition of the film is desired to 
take place only on the substrate, it is also deposited 
on other surfaces within the reactive chamber. This can 

10 create a problem in many situations, especially when 
certain dielectrics are being deposited as the film. 
For example, if the target surf ace is silicon or alumi- 
num and the reactive gas is oxygen, silicon dioxide is 
deposited on the target surface, surfaces of target 

15 supporting structures, and the like, as well as on the 
substrate that is intended to be coated. After a 
certain build-up of dielectric material on internal, 
vacuum chamber surfaces has occurred over time, arcing 
to those surfaces can begin. Arcing is undesirable 

20 since it generates particles that contaminate the film 
being deposited on the substrate, and overloads the 
power supply that creates the plasma through an electri- 
cal connection with the sputtering target surface and 
the vacuum chamber walls or some other anode. 

25 ..^ . An advantage of a rotating cylindrical sput- 

tering target is that such a film deposited on the 
target is subjected to being sputtered away as the 
target surface passes through the sputtering zone, thus 
counteracting the undesirable film build-up. Despite 

30 this self -cleaning characteristic, however, undesirable 
arcing still occurs in rotary magnetrons under certain 
circumstances. 

Recently, a cylindrical magnetron shield 
structure has been developed to minimize this undesira- 

35 ble arcing that occurs in rotary cylindrical magnetrons. 
S e' Kirs, Milan R. , et al., "Cylindrical Magnetron 



Shield Structure," U,S- Patent No. 5,108,574. As shown 
in Kirs et al., the deposition of dielectric film can be 
minimized by dark space shielding, which prevents plasma 
formation in the dark space and thereby reduces film 
deposition and subsequent arcing. 

Although the shield structure of Kirs et al. 
greatly enhances the self-cleaning characteristic of 
rotary cylindrical magnetrons, some deposition of con- 
densate has been found to occur at the far ends of the 
target cylinder. Unlike the deposition of dielectric 
films that concerned Kirs et al., this deposition of 
condensate from the vapor present in the system occurs 
regardless of the existence of plasma. Thus, the 
problem of condensate deposition is not fully resolved 
by the use of dark space shielding. 

Because even slight deposition of dielectric 
or insulating materials can lead to undesirable arcing, 
it is a principal object of the present invention to 
provide a mechanism and technique for further minimizing 
such deposition and related arcing. 

Summary of the Invention 

This and additional objects are accomplished 
by the present invention, wherein, briefly and general- 
ly, a shaped cylindrical shield structure is provided 
around and spaced apart from at least a portion of the 
sputtering target outside of said sputtering zone. By 
careful examination of the shape of the magnetic field 
zone and the distribution of the condensate at the ends 
of the tube, the shape of the cylindrical shield struc- 
ture is designed to conform to the contours of the 
magnetic field zone, thereby maximizing sputter etching 
of the tube ends while minimizing deposition of conden- 
sate. In a preferred form, the shield structure con- 
sists of separate cylindrical end shields positioned at 
opposite ends of the target structure and shaped at 



their respective inner edges adjacent to the magnetic 
field zone to conform to the outer contours of the 
"race-track" pattern of the magnetic field zone. The 
shield structure may also consist of a unified shield 
5 wherein these shaped cylindrical end shields are con- 
nected at the portions their respiective inner edges 
lying outside the magnetic field zone by a cylindrically 
shaped structure, leaving a window opening in the shield 
structure adjacent to the magnetic field zone so that 

10 the target surface is bombarded by electrons and ions of 
the plasma as it is rotated through the sputtering zone. 
The cylindrical shield structure do.es not rotate with 
the cylindrical target. In systems that provide for the 
sputtering zone to be circumf erentially positionable 

15 around the target by rotation of its magnets, the cylin- 
drical shield structure is also made rotatable so that 
its window may follow the sputtering zone to its new 
position. 

Such a shield structure has been found to be 

20 beneficial in three primary respects. First, it has 
been found that the self-cleaning attribute of a 
rotating sputtering target generally does not extend to 
the far ends of the target cylinder since the sputtering 
zone controlled by the magnets within the cylinder does 

25 not extend completely to its ends. An abru^ 

tion of the permanent magnets within the target cylinder 
creates some discontinuities in the sputtering zone at 
the ends of the cylinder, and thus in the character of 
the plasma itself. Since the self-cleaning attribute of 

30 a rotating target does not fully extend to the ends of 
the target cylinder, the shield structure of the present 
invention extends completely around the sputtering 
cylinder at its ends and, further, may be extended to 
cover portions of rotating target support structures 

35 adjacent to its ends which are particularly susceptible 
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to undesirable film build-up because of their proximity 
to the sputtering surface and plasma. 

Additionally, it has been found that much like 
planar magnetrons, rotary cylindrical magnetrons etch 
5 the sputtering surface in a "race-track" pattern, while 
causing a buildup of arc-causing condensate film at the 
ends of the target cylinder in a pattern that conforms 
to the shape of the "race-track." Since this undesir- 
able condensate film conforms to the "race-track" shape 

10 of the magnetic field zone, the shield structure of the 
present invention is similarly shaped to conform to the 
contours of the magnetic field zone, thereby shielding 
those areas at the ends of the target cylinder that 
would otherwise be exposed to condensate film build-up 

15 and subsequent arcing. 

A third beneficial aspect of the shield 
structure comes from covering a central portion of the 
length of the sputtering target cylinder, despite the 
self -cleaning attribute of a rotating magnetron men- 

20 tioned above. It has been found that there are circum- 
stances where an undesired dielectric or other film 
deposited on portions of the target outside of the 
sputtering zone are not completely removed when those 
surface portions again pass through the sputtering zone. 

25 Further, there are circumstances where it has been found 
desirable to be able to cover a portion of the cylindri- 
cal target surface during co-sputtering; that is, in a 
situation where two rotating cylindrical target struc- 
tures are adjacent one another and material from at 

30 least one of them is being sputtered onto the surface of 
another before being resputtered onto a substrate. Such 
co-sputtering techniques are described in U.S. Patent 
Application Serial No. 07/549,392, filed July 6, 1990, 
now abandoned, which is incorporated herein by this 

35 reference. It is the ability to cover a portion of the 
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target during such co-sputtering that is provided by the 
present invention. 

Additional objects, features and advantages of 
the present invention will become apparent from the 
5 following description of a preferred embodiment thereof, 
which description should.be taken in conjunction with 
the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 schematically illustrates a dual 

10 cylindrical sputtering target magnetron that utilizes 
the improvement of the present invention; 

Figure 2 shows in isometric view a portion of 
one of the target assemblies of Figure 1, including the 
improvement of the present invention; 

15 Figure 3 shows in isometric view a portion of 

one of the target assemblies of Figure 1, including the 
improvement of the present invention; 

Figure 4 is a cross-section of a target assem- 
bly taken at Section 4-4 of Figure 2; 

20 Figure 5 is a partial section view of a 

preferred support assembly for a rotating target 
assembly of the types illustrated in Figures 1-5; and 

Figure 6 shows in isometric view a "race- 
track" pattern of etching and a conforming pattern of 

25 condensation at the end portions of a cylindrical 
sputtering target assembly of Figure 1 that are used in 
designing the improvement of the present invention. 

Description of a Preferred Embodiment 

Referring initially to Figure 1, an entire 
3 0 magnetron system utilizing the present invention is 
generally described before the details of the inven- 
tion's preferred implementation are explained. A box 
11, shown in dotted outline, indicates metallic walls of 
a vacuum chamber in which the sputtering. occurs. Within 
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that chamber are two rotatable cylindrical target struc- 
tures 13 and 15 which are held by the frame .11 in a 
manner to be rotatable about their longitudinal . axes. 
The target structures 13 and 15 are generally held with 
5 their axes parallel to one another, but that is not a 
requirement. Further, although two target structures 
are illustrated in Figure 1, many applications need only 
employ one such target, and other applications can 
benefit by having more than two. However, the use of 

10 two target structures 13 and 15 is common. 

The magnetron of Figure 1 is shown to have a 
substrate 17 held by a support structure 19. The sup- 
port structure 19 may be rollers to allow the substrate 
17 to be passed through the vacuum chamber in a continu- 

15 ous process. A vacuum is drawn within the vacuum cham- 
ber by an appropriate pumping system 21. One or more 
gases are provided by a supply 23 to the vacuum chamber 
by some convenient delivery system, such as a perforated 
tube 25 positioned across the vacuum chamber. The 

20 particular gases utilized depend primarily upon the film 
desired to be deposited on the substrate 17. 

Cylindrical pieces 27 and 29 of sputtering 
material provided as part of the target structures 13 
and 15, respectively, are generally made of the same 

2 5 material but can be of different materials, depending 

upon the nature of the film to be deposited on the 
substrate 17. An electric motor source 31, positioned 
outside the vacuum chamber, rotates the target assem- 
blies by rotating, through a toothed belt 33, pulleys 35 

3 0 and 37 which are attached to respective spindles 39 and 

41. The sputtering materials 27 and 29 are attached to 
the respective spindles 39 and 41 in order to rotate 
with them. 

A plasma is created within the vacuum chamber 
35 by applying a negative voltage from a power supply 40 to 
the sputtering surfaces with respect to the vacuum cham- 
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ber metal frame 11 or some other anode, which is usually 
connected to ground potential. The plasma is po.sitibned 
adjacent a sputtering zone of the cylindrical sputtering 
targets 27 and 29, controlled by the positioning of 
5 their respective magnets (not shown in Figure 1) . These 
magnets are positioned along the length of their respec- 
tive cylindrical sputtering targets 27 and 29, while 
extending a small circumferential, or radial, distance 
therearound. These magnets are most conveniently held 

10 within the sputtering targets 27 and 29 by attachment to 
respective coolant conduits 43 and 45. These cooling 
conduits are provided as part of their respective target 
assemblies in a manner to be rotatable independently of 
rotation of their respective cylindrical sputtering 

15 targets 27 and 29. 

Thus, the position of the magnets in each 
target assembly, and thus the position of the sputtering 
zone of each, is controlled by rotation of these cooling 
conduits. Specifically, a pulley 47 is attached to the 

20 conduit 4 3 and driven from an electrical motor source 49 
outside the vacuum chamber by a toothed belt 51. Simi- 
larly, a pulley 53 is attached to the coolant conduit 45 
and is controlled as to rotatable position by an elec- 
trical motor source 55 positioned outside the vacuum 

25 chamber and connected with it. by a toothed belt 57 . The 
motor sources 49 and 55 are preferably stepper motors 
which thereby hold their respective conduits 43 and 45 
in selected positions and keep them from rotating with 
their respective sputtering targets 27 and 29. 

30 A cooling liquid supply and exhaust system 

(not shown) outside the vacuum chamber provides coolant 
into the center of each of the conduits 4 3 and 45, as 
indicated by an arrow 61, and exhausts the heated 
coolant from a space between the outside of the conduits 

3 5 and an interior surface of the spindles, as indicated by 
an arrow 63. An electrical and electronic control 
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system 59 operates to control the power supply 40 and 
various parameters of the magnetron system being shown, 
including motors 31, 49 and 55. 
. . The improvement of the present invention is 

5 implemented in the system of Figure 1 by providing 
cylindrically--shaped shield structures 67 and 69, or 
blocking means, around and spaced from each of the 
cylindrical target surfaces 27 and 29, respectively. 
Additionally, the cylinders extend in length beyond the 

10. end of the sputtering material in order to cover exposed 
surfaces of adjacent spindles and their supporting 
structures. Window openings 72 and 74, adjacent to 
respective shield structures 67 and 69, are large enough 
to expose the sputtering zone. These areas do not 

15 extend the full length of the cylindrical shield struc- 
tures 67 and 69, however, leaving covered completely 
around their circumferences the respective sputtering 
surfaces 27 and 29 for a distance immediately adjacent 
the opposite ends of the sputtering material cylinder. 

20 If the sputtering zone defining magnets inside 

the target assemblies are held fixed, the shield struc- 
tures 67 and 69 are then most easily held with their 
windows in a fixed position. However, if the magnets 
are made to be rotatable, as described in the embodiment 

25 of Figure 1, such as is useful in the co-sputtering 
application previously mentioned, it is desirable to be 
able to controllably rotate the shield structures 67 and 
69 so that their respective openings 72 and 74 follow 
the moving sputtering zone. The extent of shield struc- 

30 ture rotation is made to be at least. as great as the 
extent of magnet rotation. This allows the radial 
extent of the openings 72 and 74 to be kept small and 
thus maximize the coverage of the sputtering surface 
outside th sputtering zone. On the other hand, it is 

35 possible to make the radial extent of the openings 72 
and 74 very large, thus allowing a limited rotation of 
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the magnets without having to rotate the shield struc- 
tures. But maximum flexibility of operation is. permit- 
ted, of course, when rotation of the shield structures 
67 and 69 is provided over three-hundred-sixty degrees 
5 about the respective longitudinal axes of the cylindri- 
cally-shaped sputtering surfaces 27 and 29. 

In order to accomplish such rotation, the 
shield structure 67 is provided with a pulley 71 around 
its circumference near one end, and the shield structure 

10 69 is similarly provided with a pulley 73. An electri- 
cal motor source 75 rotates the shield structure 67 
through a toothed belt 79, and a motor source 77 rotates 
the shield 69 through a toothed belt 81. The motor 
sources 75 and 77 are preferably stepper motors and are 

15 also controlled by connection with the control systeim 
59, 

Additional details of the target assemblies 
shown in Figure 1 are apparent from the views of Figures 
2 and 4 of the target assembly 15. Elongated magnets 

20 85, 87 and 89, of alternate polarity, are carried within 
the sputtering material cylinder 29 by a support struc- 
ture 91 that is attached to the coolant tube 45. In 
this magnetic assembly, the sputtering tube 29 and the 
shield structure 69 are independently rotatable about a 

25 longitudinal axis 93 by respective motor sources 55, 31 
and 77. 

It will be noted from Figure 4 that a space 
exists between an outside surface of the target cylinder 
29 and an inside surface of the cylindrically-shaped 

30 shield, tube 69. Both these surfaces are, in cross- 
section, concentric circles that are separated by a 
distance that is significantly less than one inch, 
preferably less than substantially one-quarter inch. A 
small separation is required in order to avoid plasma 

35 from forming in the space between these two elements. 
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According to the present invention, shield 
structure 69 of Figure 2 is shaped at portions of its 
inner edges 70 that are adjacent to window openings 72 
and 74 to conform to the contours of the magnetic field 
5 zone*' The shape of the shield structure 69 is shown in 
Figure 2, while the method of designing the shape of the 
shield structure is fully described below in relation to 
Figure 6 . The contoured shape of the shield structure 
69 at inner edges 70 maximizes the self-cleaning charac- 

10 teristic of rotary cylindrical magnetrons according to 
a "race-track" pattern of etching, while minimizing the 
formation of condensate at the end portions of a cylin- 
drical sputtering target assembly, A most important 
aspect of the invention is the shaping of the shield 

15 structure to minimize undesirable condensation of mate- 
rials vaporized during the sputtering process, particu- 
larly dielectrics, and thereby reduce the often catas- 
trophic arcing that results. 

An alternative embodiment of the present 

20 invention is shown in Figure 3. Similar to the embodi- 
ment illustrated in Figure 2 comprised of shield struc- 
ture 69, this alternative embodiment includes separate 
shield structures 69A and 69B positioned around and 
spaced from the target surface 29. Shield structures 

25 69A and ^ :69B-: are positioned at opposite ends of the 
target assembly 15 and are provided with pulleys 73A and 
73B around their respective circumferences to be 
independently rotatable. According to the. present 
invention, shield structures 69A and 69B are shaped at 

30 portions of their respective inner edges 70A and 70B 
that are adjacent to the opening 29 to conform to the 
contours of the magnetic field zone. It will be under- 
stood that the magnetron system, the magnetic assembly, 
the independent rotation, the supporting structure, and 

35 the shaping features of the invention described herein 
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are adapted to be equally applicable in the embodiment 
shown in Figure 3. 

Referring to Figure 5, a specific supporting 
structure for a target assembly is given. A cylindrical 
sputtering surface 95 is carried through end spindles 97 
and 99 in a manner to be rotatable about a longitudinal 
axis 101. A magnetic structure 103 is positioned within 
the target cylinder 95. As part of target supporting 
structures, plates 105 and 107 are provided at opposite 
ends of the target assembly. These end plates carry 
respective annular grooves 109 and 111 into which a 
cylindrically-shaped shield structure 113 is inserted at 
its ends. The shield structure 113 is then easily 
rotatable by a motor source connected to a pulley 115. 

This support arrangement for the shield struc- 
ture 113 also has an advantage of covering portions of 
the end plates 105 and 107 that are immediately adjacent 
ends of the sputtering target cylinder 95. These sup- 
porting structure surfaces are particularly susceptible 
to deposition of undesirable films on them, because of 
their proximity to the plasma sputtering zone, so are 
very useful for this purpose. Additionally, as previ- 
ously mentioned, end portions 117 and 119 are circumfer- 
entially continuous around the shield structure and 
extend far enough along its length to cover respective 
end portions of the sputtering target 95 where the self- 
cleaning action of a rotating target acts as effectively 
as it does in more central portions of the target's 
length. A window 121 is provided, however, in the 
shield 113 to expose at least the sputtering zone. The 
shield structure 113 is preferably made of a material 
that itself has a low sputtering yield, such as stain- 
less steel. 

Prior to this invention, the design of cylin- 
drical magnetron shield structures was based on the. 
observation of the target structures after they had 
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undergone sputter etching in a rotary cylindrical 
magnetron in which the target structures were rotated. 
Because the target structures were rotated, the. sput- 
tering surface was observed as a uniformly etched 
5 surface with a band of deposited material at the ends of 
the target structure. Based on this observation, rotary 
cylindrical magnetrons were thought to avoid the problem 
of "race-track" etching of the sputtering surface, as 
observed in planar magnetrons with a fixed sputtering 

10 zone. See Kirs, Milan R. , et al., "Cylindrical Magne- 
tron Shield Structrure," U.S. Patent No. 5,108,574. 
Consequently, shield structures for such rotary cylin- 
drical magnetrons were designed with rectangularly- 
shaped inner edges adjacent to the sputtering zone to 

15 shield the area at the ends of the target structure 
corresponding to the observed condensation band. 

It has been discovered, however, that the 
sputtering surfaces of rotary cylindrical magnetrons are 
indeed etched in a well-defined "race-track" pattern, 

20 causing condensate build-up in a conforming pattern at 
the ends of the target structure. Referring to Figure 
6, a cylindrical sputtering target 131 is shown after it 
has undergone sputter etching in a rotary cylindrical 
magnetron in which the target structures are held 

25 immobile. A "race-track" pattern on the sputtering 
surface bounded by boundary 139 indicates the area of 
the target surface lying between the region of maximum 
magnetic field strength 135 and boundary 139 that has 
been etched during the sputter etching process. Areas 

30 143, 145, 147, and 149 on the sputtering surf race, which 
conform to the "race-track" etch pattern, indicate the 
pattern of condensation at the end portions of the 
sputtering target. Such condensation occurs at posi- 
tions on the sputtering surface where the rate of 

35 condensation exceeds the rate at which deposited 
condensate is removed by sputtering. 
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When a sputtering target exposed to condensa- 
tion is further examined, there is evidence of signifi- 
cant damage to the target structure attributable to 
catastrophic arcing. Additionally, an examination of 
5 the coated substrate reveals similar evidence of damage 
to the coating attributable to arcing. By contrast, 
when a sputtering target is shielded from condensation 
using the shaped shield structures of the present inven- 
tion, arcing is minimized and dagmage to the target 
10 structure and the substrate coating is significantly 
reduced. 

In a preferred method of designing the 
cylindrically-shaped shield structure of the present 
invention, magnetic paper is positioned on the target 

15 surface during operation of the rotating cylindrical 
magnetron. Magnetic paper is commercially available 
from a number of sources, including Edmund Scientific 
Company of New Jersey. During operation, the magnetic 
paper is marked by isomagnetic lines indicating the 

20 configuration of the magnetic field zone. The shield 
structure is then shaped at its inner edges adjacent -to 
the magnetic field zone to conform to the contours of 
the magnetic field zone, as indicated by the isomagnetic 
lines. In a preferred form, the resulting design takes 

25 the form of a curved, notched shape at the inner edges 
of the shield structure, as illustrated in Figures 2 and 
3. 

Alternatively, the cylindrically-shaped shield 
structure is designed according to the patterns of 

30 condensation and etching that are observable on the 
target structure after the rotary cylindrical magnetron 
has been operated with the target structure held sta- 
tionary. Referring to Figur s 2, 3 and 6, the inner 
edges 70 in Figure 2 and 7 OA and 7 OB in Figure 3 of the 

35 shield structure are designed in a curved, notched shape 
that follows the contours of the areas of condensation 
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143, 145, 147 and 149 in Figure 6 appearing on the 
target surface. Similarly, the inner edges, may be 
designed in a curved, notched shape that follows the 
contours of the "race-track" etch pattern 139 in Figure 
6 as it appears at the ends of the target structure. 

Once shaped, the inner edges of the shield 
structure are positioned at an optimum distance from the 
magnetic field zone so that condensation and subsequent 
arcing are minimized at the ends of the target without 
disturbing the plasma, in a preferred method of design- 
ing the shield structure, the shield structure of the 
present invention is positioned on the target ends, a 
fixed distance from the magnetic field zone. During 
operation, arcing activity is monitored using a strip 
chart recorder that is connected to power supply 40 of 
Figure 1. The recorder is used to record any reduction 
in voltage that occurs over time in response to arcing 
activity, with fewer voltage drops indicating less 
arcing activity in the magnetron system. This sequence 
is repeated with the shaped inner edges of the shield 
structure positioned at various distances from the 
magnetic field zone, until the optimum distance from the 
magnetic field zone is determined. In a preferred form, 
the shield structure is extended lengthwise toward the 
magnetic field zone such that the inner edges of the 
shield and the magnetic field zone are separated by this 
optimum distance. 

The shield structure of the present invention 
provides for maximum self-cleaning in the sputtering 
zone and minimum condensation beyond the sputtering zone 
and thereby reduces arcing activity in a rotary cylin- 
drical magnetron. Although the present invention has 
been described with respect to a preferred embodiment 
thereof, it will be understood that the invention is 
entitled to protection within the full scope of the 
appended claims. 



IT IS CLAIMED ; 



1. A sputtering apparatus, comprising; 

a magnetron having a vacuum chamber including 
therein at least one target structure with an outer 
cylindrically-shaped surface of sputtering material; 

first and second support structures holding 
said target structure at opposite ends thereof such that 
said target structure is rotatable about its longitudi- 
nal axis; 

a magnet assembly within said target structure 
that provides a magnetic field zone extending along a 
length of said sputtering material surface and extending 
a circumferential distance therearound; and 

first and second cylindrical shields, said 
shields carried at opposite ends of said target struc- 
ture by said first and second, support structures and 
extended axially along said sputtering material surface 
to substantially cover the ends of said sputtering mate- 
rial surface, said first shield having an inner edge 
closest to said second shield and said second shield 
having an inner edge closest to said first shield, said 
inner edges adjacent to said magnetic field zone being 
shaped to conform substantially to the contours of said 
magnetic, field zone.. 

2. The apparatus according to claim 1, 
wherein said first and second cylindrical shields are 
separated from said sputtering material surface by less 
than one inch. 

3. The apparatus according to claim 1, 
wherein said first and second cylindrical shields are 
separated from said sputtering material surface by less 
than substantially one-quarter inch. 
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4. The apparatus according to claim i, 
wherein each of said first and second cylindrical 
shields is additionally shaped with continuous portions 
around its circumference at each of said opposite ends 
that are positioned to cover said sputtering surface for 
a distance adjacent each of its said opposite ends and 
extend over adjacent portions of said first and second 
support structures. 

5. The apparatus according to claim 1, 
wherein said inner edges of said shields are shaped to 
conform substantially to the shape of a pattern of 
condensation of vaporized material on said target 
structure when held stationary. 

6. The apparatus according to claim 1, 
wherein said inner edges of said shields are shaped to 
conform substantially to the shape of a pattern of 
etching of sputtering material on said target structure 
when held stationary. 

7. The apparatus according to claim 1^ 
wherein said inner edges of said shields are positioned 
a distance from said magnetic field zone sufficient to 
stabilize arcing adjacent to said magnetic field zone* 

8. The apparatus according to claim 1, 
wherein said shields are connected at corresponding 
portions of their inner edges which are not adjacent to 
said magnetic field zone by a cylindrically-shaped 
structure extending around a portion of the circumfer- 
ence of said sputtering material surface that is sub- 
stantially outside said magnetic field zone to form a 
unified shield, said unified shield having an opening at 
least as large as said magnetic field zone and extending 
around a portion of the circumference of said sputtering 
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material surface that is substantially inside said 
magnetic fi Id zone and having a length less, than a 
distance between opposite ends of said target structure 
sputtering surface ♦ 

9. A sputtering apparatus adapted to coat 
films on substrates within a vacuum chamber, comprising: 

at least one elongated target having a sput- 
tering surface with an outside cylindrical shape of a 
given diameter and a given length between first and 
second ends thereof; 

first and second support structures respec- 
tively supporting said first and second sputtering 
surface ends in a manner that allows said target to 
rotate about a central longitudinal axis thereof; 

means positioned within said target for 
providing a magnetic field zone extending along a length 
of said sputtering surface and a circumferential 
distance therearound; 

electrically controlled driving means coupled 
to said target structure for rotating said sputtering 
surface through said magnetic field zone; and 

first and second cylindrical shields separated 
by a distance of less than substantially one-quarter 
inch from said sputtering surf ace for minimizing conden- 
sation of sputtered material at said first and second 
sputtering surface ends, said shields carried at 
opposite ends of said target by said first and second 
support structures and extended axially along said 
sputtering surface to substantially cover the ends of 
said sputtering surface, said shields having continuous 
portions extending around the circumference of said 
first and second ends positioned to cover said sputter- 
ing surface for a distance adjacent each of its said 
first and second ends and extend over adjacent portions 
of said first and second support structures, said first 
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shield having an inner edge closest to said second 
shield and said second shield having an inner edge 
closest to said first shield, said inner edges adjacent 
to said magnetic field zone being shaped to conform 
substantially to the contours of said magnetic field 
zone, 

10* The apparatus according to claim 9, 
wherein said inner edges of said shields are shaped to 
conform substantially to the shape of a pattern of 
condensation of vaporized material on said target 
structure when held stationary. 

11. The apparatus according to claim 9, 
wherein said inner edges of said shields are shaped to 
conform substantially to the shape of a pattern of 
etching of sputtering material on said target structure 
when held stationary. 

12. The apparatus according to claim 9, 
wherein said inner edges of said shields are positioned 
a distance from said magnetic field zone sufficient to 
stabilize arcing adjacent to said magnetic field zone^ 

■■'■/y.^-^:'--'-- 13, - The apparatus according to claim 9, 
wherein said shields are connected at corresponding 
portions of said inner edges which are not adjacent to 
the magnetic field zone by a cylindrically-shaped struc- 
ture extending around a portion of the circumference of 
said sputtering surface that is substantially outside 
said magnetic field zone to form a unified shield, said 
unified shield having an opening at least as large as 
said magnetic field zone and extending around the 
portion of the circumference of said sputtering surface 
that is substantially inside said magnetic field zone 



and having a length less than a distance between said 
first and second ends of said sputtering surface. 

14. A method of forming cylindrical end. 
shields for use in a sputtering apparatus comprised of 
a rotating cylindrical magnetron within a vacuum chamber 
including therein at least one rotatable target struc- 
ture having an outer cylindrically-shaped surface of 
sputtering material and held at opposite ends thereof by 
first and second support structures, a magnet assembly 
within said target structure that provides a magnetic 
field zone, and first and second cylindrical end shields 
carried at opposite ends of said target structure by 
said support structures, said first shield having an 
inner edge closest to said second shield and said second 
shield having an inner edge closest to said first 
shield, said inner edges positioned adjacent to said 
magnetic field zone, comprising the steps of: 

(a) operating said rotating cylindrical 
magnetron such that said magnetic field zone is provid- 
ed; 

(b) measuring said magnetifc field zone such 
that a magnetic field pattern is obtained; and 

(c) shaping said shields at said inner edges 
to conform substantially to the isomagnetic lines of 
said magnetic field pattern. 

15. A method of forming cylindrical end 
shields for use in a sputtering apparatus comprised of 
a rotating cylindrical magnetron within a vacuum chamber 
including therein at least one rotatable target struc- 
ture having an outer cylindrically-shaped surface of 
sputtering material and held at opposite ends thereof by 
first and second support structures, a magnet assembly 
within said target structure that provides a magnetic 
field zone, and first and second cylindrical end shields 
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carried at opposite ends of said target structure by 
said support structures; said first shield having an 
inner edge closest to said second shield and said second 
shield - having an inner edge closest to said first 
shield/ said inner edges adjacent to said magnetic field 
zone, cbmprising the steps of: 

(a) operating said rotating cylindrical 
magnetron such that said magnetic field zone is provided 
and said target structure is immobile; 

(b) determining positions on said immobilized 
target -structure where condensation of material vapor^ 
ized during said sputtering operation has occurred; and 

(c) shaping said shields at said inner edges 
to conform substantially to a pattern of said positions 
determined in step (b) . 

16. The method of any one of claims 14 and 
15, additionally comprising the step of optimizing the 
distance between said shields and said magnetic field 
zone by placing said shaped shields on said opposite 
ends of a cylindrical sputtering structure, operating 
said rotating cylindrical magnetron, recording arcing 
activity using recording means, and adjusting said 
distancb to minimize said arcing activity, 

17. The method of any one of claims 14 and 
15, additionally comprising the step of optimizing the 
distance between said shields and said magnetic field 
zone by placing said shaped shields on said opposite 
ends of a cylindrical sputtering structure, operating 
said rotating cylindrical magnetron, recording voltage 
within the vacuum chamber of the sputtering apparatus 
using recording means, and adjusting said distance to 
minimize variations in voltage adjacent to said magnetic 
field zone. 



18. A method of any one of claims 14 and 15, 
additionally comprising the step of connecting said end 
shields at portions of said inner edges which are not 
adjacent to said magnetic field zone by a cylindrically- 
shaped structure extending around the portion of the 
circumference of a cylindrical sputtering structure that 
is substantially outside said magnetic field zone to 
form a unified shield, said unified shield having an 
opening at least as large as said magnetic field zone 
and extending around the portion of the circumference of 
said cylindrical sputtering structure that is substan- 
tially inside said magnetic field zone and having a 
length less than a distance between opposite ends of 
said cylindrical sputtering structure. 

19. A method of any one of claims 14 and 15, 
additionally comprising the steps of: 

(a) optimizing the distance between said 
shields and said magnetic field zone by placing said 
shaped shields on said opposite ends of a cylindrical 
sputtering structure, operating said rotating cylindri- 
cal magnetron such that said magnetic field zone is 
provided, recording arcing activity using recording 
means, and adjusting said distance to minimize said 
arcing activity; and v^ ' : 

(b) connecting said end shields at portions 
of said inner edges which are not adjacent to said 
magnetic field zone by a cylindrically-shaped structure 
extending around the portion of the circumference of 
said cylindrical sputtering structure that is substan- 
tially outside said magnetic field zone to form a 
unified shield, said unified shield having an opening at 
least as large as said magnetic field zone and extending 
around the portion of the circumference of said cylin- 
drical sputtering structure that is substantially inside 
said magnetic field zone and having a length less than 
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a distance between opposite ends of said cylindrical 
sputtering structure, 

20. A method of any one of claims 14 and 15, 
additionally, comprising the steps of: 

(a) optimizing the distance between said 
shields and said magnetic field zone by placing said 

5 shaped shields on said opposite ends of a cylindrical 
sputtering structure, operating said rotating cylindri- 
cal magnetron such that said magnetic field zone is 
provided-, recording voltage within the vacuum chamber of 
the sputtering apparatus using recording means, and 
10 adjusting said distance to minimize variations in 
voltage adjacent to said magnetic field zone; and 

(b) connecting said end shields at portions 
of said inner edges which are not adjacent to said 
magnetic field zone by a cylindrically-shaped structure 

15 extending around the portion of the circumference of 
said cylindrical sputtering structure that is substan- 
tially outside said magnetic field zone to form a 
unified shield, said unified shield having an opening at 
least as large as said magnetic field zone and extending 

20 around the portion of the circumference of said cylin- 
drical sputtering structure that is substantially inside 
said magnetic field zone and having a length less than 
a distance between opposite ends of said cylindrical 
sputtering structure* 

21, A method of sputter etching a cylindrical 
sputtering structure using a sputtering apparatus 
comprised of a rotating cylindrical magnetron within a 
vacuum chamber including therein at least one rotatable 

5 target structure having an outer cylindrically-shaped 
surface of sputtering material and held at opposite ends 
thereof by first and second support structures, a magnet 
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assembly within said target structure that provides a 
magnetic field zone, comprising the steps of: . 

10 (a) operating said rotating cylindrical 

magnetron such that said magnetic field is provided; and 
(b) blocking opposite ends of said target 
structure where condensation of vaporized material forms 
using blocking means, said blocking means shaped to 

15 conform to the shape of said condensation areas. 

22. A method of sputter etching a cylindrical 
sputtering structure according to claim 21, wherein said 
blocking means extends around the portion of the circum- 
ference of said cylindrical sputtering structure that is 
5 substantially outside said magnetic field zone. 
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SHIELDING FOR ARC SUPPRESSION IN ROTATING 
MAGNETRON SPUTTERING SYSTEMS 



Backgr ound of the Invent- ^inn 

The present invention relates generally to sputtering 
systems, and more particularly to sputtering insulating 
materials in a rotating cylindrical magnetron using a 
DC reactive sputtering method. 

DC reactive sputtering is the process most often used 
for large area commercial coating applications, such as 
the application of thermal control coatings to 
architectural and automobile glazings, in this process, 
the articles to be coated are passed through a series 
of in-line vacuum chambers isolated from one another by 
vacuum locks. This may be referred to as a continuous 
in-line system or simply a glass coater. 

Inside the chambers, a sputtering gas discharge is 
maintained at a partial vacuum at a pressure of about 
three millitorr. The sputtering gas comprises a mixture 
of an inert gas, such as argon, with a small proportion 
of a reactive gas, such as oxygen, for the formation of 
oxides. 



Each chamber contains one or more cathodes held at a 
negative potential of about -200 to -1000 volts. The 
cathodes may be in the form of elongated rectangles, the 
length of which spans the width of the line of chambers. 
The cathodes are typically 0.10 to 0.30 meters wide and 
a meter or greater in length.. A layer of material to 
be sputtered is applied to the surface of the cathodes. 

This surface layer or material is known as the target 
or the target material. The reactive gas forms the 
appropriate compound with the target material. 

Ions from the sputtering gas discharge are accelerated 
into the target and dislodge, or sputter off, atoms of 
the target material. These atoms, in turn, are 
deposited on a substrate, such as a glass sheet, passing 
beneath the target. The atoms react on the substrate 
with the reactive gas in the discharge to form a thin 
film. 

i' 

The architectural glass coating process was made 
commercially feasible by the development of the 
magnetically-enhanced, planar magnetron. This magnetron 
has an array of magnets arranged in the form of a closed 
loop and mounted in a fixed position behind the target. 
A magnetic field in the form of a closed loop is thus 
formed in front of the target plate. The field causes 
electrons from the discharge to be trapped in the field 
and travel in a spiral pattern, which creates a more 
intense ionization and higher sputtering rates. 
Appropriate water cooling is provided to prevent 
overheating of the target. The planar magnetron is 
further described in U.S. Patent No. -4,166,018. 

A disadvantage of the planar magnetron is that the 
target material is only sputtered in the narrow zone 



defined by the magnetic field. This creates a 
"racetrac)c"-shaped sputtering zone on the target. Thus, 
a "racetrack""Shaped erosion zone is produced as 
sputtering occurs. This causes a nxomber of problems. 
For example, (1) localized high temperature build-up 
eventually limits the power at which the cathodes can 
operate, and (2) only about 25 percent of the target 
material is actually used before the target must be 
replaced. Another significant problem, affecting 
uniformity and stability, is the build-up of oxides on 
the target outside of the erosion zone. This leads to 
arc discharges which temporarily perturb the gas 
discharge conditions. The arcing problem is very severe 
when silicon dioxide is being deposited by reactive 
sputtering of silicon. 

The rotary or rotating cylindrical magnetron was 
developed to overcome some of the problems inherent in 
the planar magnetron. The rotating magnetron uses a 
cylindrical cathode and target. The cathode and target 
are rotate<i continually over a magnetic array" which 
defines the sputtering zone. As such, a new portion of 
the target is continually presented to the sputtering 
zone which eases the cooling problem, allowing higher 
operating powers. While this cooling is more effective 
it is still possible for rotating magnetron cathodes to 
reach a temperature sufficient to melt low melting point 
target materials such as tin, lead, or bismuth, 
particularly at the ends of the sputtering zone. It is 
at the ends where the power density is highest because 
of the "turn around" portion of the "racetrack". 

The rotation of the cathode and target also ensures that 
the erosion zone comprises th entire circumference of 
the cylinder covered by the sputtering zone. This 



increases target utilization and reduces arcing from the 
target within the erosion zone. The rotating magnetron 
is described further in U.S. Patent Nos. 4,356,073 and 
4,422,916; the entire disclosures of which are hereby 
incorporated by reference. 

The rotating magnetrons while solving some problems 
produced others. These problems include new arcing 
phenomena, which are particularly troublesome in the DC 
reactive sputtering of silicon dioxide and similar 
materials such as aluminum oxide and zirconium oxide. 
Insulating materials like silicon dioxide are 
particularly useful to form high quality, precision 
optical coatings such as multilayer, antiref lection 
coatings and multilayer, enhanced aluminum reflectors. 
Such coatings would be much more economical to produce 
if they could be applied by an in-line, DC reactive 
sputtering process. 

The true advantages of a continuous, in-line sputtering 
process, as far as operating efficiencies are concerned, 
are only realized if the process can be continuously 
operated to produce acceptable product. Perturbation 
of the sputtering conditions due to arcing is especially 
detrimental to cost effective operation, as any article 
being coated when an arc occurs will most likely be 
defective. For instance, the article may be 
contaminated by debris resulting from the arc, or it may 
have an area with incorrect film thickness caused by 
temporary disruption of the discharge conditions. 
Furthermore, the occurrence of arcs increases with 
operating time, and eventually reachjes a level which 
requires that the system be shut down for cleaning and 
maintenance. 



By way of example, in one rotating magnetron 
configuration, arcing from cathode ends and bearing 
structures while depositing silicon dioxide from a 
silicon target was experienced less than one hour after 
sputtering commenced. The occurrence of arcs increased 
rapidly with operating time, reaching a . frequency of 
about one hundred arcs per minute in less than 2 hours. 
This caused permanent perturbation of the discharge 
conditions, requiring that the machine be shut down for 
maintenance. This rotating magnetron configuration is 
described in J. Hoffman, "DC Reactive Sputtering Using 
a Rotating Cylindrical Magnetron", Proceedings of the 
32nd Annual Conference of the Society of Vacuum Coaters, 
pp. 297-300 (1989). 

In view of the foregoing, an object of the present 
invention is to improve the effectiveness of the DC 
reactive sputtering process for silicon dioxide and 
other materials, which are highly insulating, when 
deposited by DC reactive sputtering. 

Another object of the present invention is to 
substantially reduce or eliminate the occurrence of arcs 
in rotating cylindrical magnetrons. 

A further object of the invention is to increase the 
deposition rate for low melting point target materials. 

Additional objects and advantages of the invention will 
be set forth in the description which follows, and in 
part will be obvious from the description or will be 
learned from practice of the invention* The objects and 
advantages of the invention may be realized and obtained 
by means of the instrumental it i s and combinations 
particularly pointed out in th claims. 



Summary of the Invention 

The present invention is directed to a cathode body for 
a rotating cylindrical magnetron wherein the magnetron 
provides a sputtering zone extending along the length 
5 of the cathode body and circximf erentially along a 

relatively narrow region thereof. The cathode body 
includes an elongated tubular member having a target 
material at the outer surface thereof. Means exist at 
at least one end of the tubular member for suppressing 
10 arcing. 

The primary means of suppressing arcing comprises a 
cylindrical region on each end of the cathode body which 
has a surface of a collar material different from the 
target material. The cylindrical region extends into 

15 the sputtering zone typically for a distance of about 

two inches. The collar material is sputtered as the 
target material is sputtered, but typically at a lower 
rate. The sputtered collar material forms films having 
poor insulating properties. These films deposit on the 

2 0 cathode ends, dark space shielding and support 

structures in preference to the material sputtered from 
the target. Electrical leakage through these poorly- 
insulating films significantly reduces charge build-up 
and arcing. 

25 The rotating cylindrical magnetron may be disposed in 

evacuable coating chamber, and means may be provided for 
transporting an article past the sputtering zone to 
receive the sputtered material. 

< Brief Description of the Drawings 

30 The accompanying drawings, which are incorporated in and 

constitute a part of the specification, schematically 



illustrate a preferred embodiment of the invention and, 
together with the general description given above and 
the detailed description of the preferred embodiment 
given below, serve to explain the principles of the 
invention. 

Figure 1 is a schematic view of a rotary cylindrical 
magnetron showing the sputtering zone and the erosion 
zone in relation to the magnetic array. 

Figure 2 is a schematic longitudinal section through a 
coating chamber showing a rotary cylindrical magnetron 
cathode constructed in accordance with the principles 
of the present invention wherein the magnetron is 
supported at one end only* 

Figure 3 is an enlarged schematic cross-section showing 
mounting of the shields. 

Figure 4 is a view similar to Figure 2 with the 
magnetron supported at both ends. 

Figure 5 is a schematic view of an embodiment of the 
present invention having a cathode body of reduced 
diameter at each end. 

Figure 6 is a schematic view of an embodiment of the 
present invention having collars with a raised portion 
to protect the sleeves from contamination by sputtered 
material • 

Figure 7 is a schematic view of an embodiment of the 
present invention with a sleeve mounted on the cathode 
body at each nd thereof. 



Detailed Description of the Preferred Embodiments 
The present invention will be described in terms of a 
niimber of different embodiments. Referring in detail 
to the drawings, wherein like reference numerals 
designate like parts in several figures, and initially 
to Figure 1, the principles of the present invention are 
illustrated. 

As shown in Figure 1, a rotating or rotary cylindrical 
magnetron 10 comprises a cathode body 12 including a 
tube or tubular member 14 with a target material 16 at 
the tube's outer surface. As is known, a magnetic array 
or bars 20 extend within the cathode body along a 
portion of the length thereof. The cathode body 12 
rotates about an axis 18 while magnetic array 20 remains 
stationary. 

Normally, magnetic array 20 does not extend completely 
to the respective ends of cathode bo4y 12. This is 
because the seals, cooling water conduits, and bearing 
members are attached at one end of the cathode body. 
As a result, the magnetron's sputtering zone 15 does not 
extend all the way to the ends of the cathode body. 

As shown in Figure 1, sputtering zone 15 extends as far 
as circumferential line 24, roughly corresponding with 
the end of magnetic array 20. The rotation of the 
cathode body produces a uniform erosion zone 26 which 
extends around the circumference of cathode body 12. 
This leaves an unsputtered area 28 outside the erosion 
zone and beyond circumferential line 24. Area 28 thus 
extends from circumferential line 24 to the end 25 of 
cathode body 12. A similar unsputtered area (not si: :;wn) 
exists at the opposite end of the cathode body. Thus, 
the cathode body ends are not sputtered. As such, ah 



oxide film is built up at the ends which, sooner or 
later, depending on the material being sputtered, will 
produce arcing from these unsputtered areas of the 
cathode body. 

By way of example, a cathode body may be about 54 inches 
long and about 6 inches in diameter. The magnetic array 
can have Si length of about 51 inches. As such, the 
sputtering and erosion zones would then have a length 
of approximately 52 inches ♦ The unsputtered zone then 
extends about 1 inch along the cathode body at each end 
thereof. 

Some materials, such as titanium oxide, zinc oxide, and 
indium tin oxide, when reactively sputtered form 
crystalline films having poor dielectric properties or 
even semiconductive properties • When these films 
accumulate on the unsputtered areas of the cathode, 
charges can easily leak through them. This prevents a 
charge build-up which may otherwise produce arcing. 
Only when such films are relatively thick, on the order 
of several microns, will arcing be a problem. This, 
however, may not occur until after several hours of 
operation. 

Silicon dioxide films, reactively sputtered from 
silicon, however, deposit in a substantially amorphous 
form and are excellent electrical insulators. 
Reactively sputtered films of aluminum oxide and 
zirconium oxide have similar properties. When such 
insulating films form on the unsputtered areas of the 
cathode, for example beyond circumferential line 24, 
positive charges can build-up rapidly. Thus, an arc may 
be produced when the insulating film breaks down under 
the high electrical field produced by the charge 



accumulation across the film. The better the insulating 
properties, the more rapidly will arcing occur, 
generally within an hour of operation. 

As shown in Figure 1, the present invention, in its 
simplest form, includes a collar 32. The collar 32 is 
in contact with cathode body 12, and extends beyond 
circumferential line 34 into erosion zone 26. 
Preferably, and by way of example, when sputtering 
silicon, the collar extends approximately two inches 
into the erosion zone. Such a collar is formed at each 
end of the collar body. 

The collar material should have a high melting point. 
A high melting point reduces the chance of damage to the 
collar when an arc does occur. Damage on the collar 
would provide sites which might initiate further arcing. 

Thj^ collar material should form a coipound with the 
reactive component of the sputtering gas. For example, 
the compound may be an oxide or a nitride of the collar 
material. Such compounds form films having poor 
insulating properties. Charge leakage should occur 
through these films even if tens of microns thick. 

The collar material should have a lower sputtering rate 
than the target material. Material sputtered from the 
collar material will be deposited not only on the 
cathode ends and support structures, but also on the 
edges of a substrate being coated where it will be mixed 
with material sputtered from the target. It is 
desirable to ke ^ the ratio of sputteredxollar material 
to sputtered t jet material on the substrate edges as 
low as possibl . The sputtering rate of the collar 
material can not, however, be zero. Otherwise,' 
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sputtered target material would eventually deposit on 
the support structures and cause arcing. Sputtering 
from the collar does not prevent material sputtered from 
the target from reaching these support structures. 
Rather, it ensures that the sputtered target material 
is mixed with the sputtered collar material which 
destroys the insulating properties of the sputtered 
target ma.ljerial. 

Any collar material will be useful to some degree 
provided that when sputtered it has a lesser tendency 
to arc than the sputtered target material under the same 
conditions . Suitable collar materials include scandium, 
titanium, vanadium, chromium, manganese, iron, cobalt, 
nickel, zirconium, molybdenum, hafnium, tantalum, 
tungsten, rhodium, platinum, and iridium. It has been 
found that titanium is an ideal collar material when 
sputtering silicon dioxide from a silicon target. 

A further benefit derived from a high melting point 
collar material is that the collar can be extended into 
the sputtering zone to cover the "turnaround" of the 
"racetrack" shaped sputtering zone where the power 
deposited on the cathode is highest. If the target 
material is a low melting point material, higher power 
can be applied to the cathode body before the melting 
point of the target material in reached. Higher 
deposition rates for low melting point materials are, 
therefore, achievable using such collars on the cathode 
body. 

A number options for applying collar 3^ ' 
of o^^node body 12 are available. 
.t is not necessary that th^-^ 
s parate cylindrical unit 



Rather, the term collar as used in the context of the 
present invention means a cylindrical region around the 
ends of the cathode body wherein the collar material is 
different from the target material. For example, if 
tubular member 14 is made from a suitable collar 
material. A collar may be formed by removing the target 
material from the tubular member 14 such that an 
appropriate section or sections are left exposed to form 
a collar or collars. If tubular member 14 is made from 
the target material, an additional layer of material 
would have to be applied to the target material to form 
the collar. 

There is no specific formula for determining the extent 
to which the collar extends into the sputtering zone. 
The further the extension than the less will be the 
possibility that material sputtered from the target will 
reach the cathode body ends and the support structures. 
The further the extension, however, the narrower will 
be the target region and thus the narrower the substrate 
which can be coated with sputtered target material. The 
collar and target materials involved will also influence 
the determination. An extension of 2 inches for 
titanium collars used with silicon represents a value 
that was experimentally determined, and which can be 
used as a guideline when dealing with other materials. 

In certain mounting configurations for a cylindrical 
magnetron, it is helpful to enclose the ends of the 
cathode body with a dark space shield. This reduces 
arcing. Such shields are discussed below. It has been 
found, however, that without the addition of the collars 
to the cathode body, the dark space shields rapidly 
become contaminated with coating material and become arc 
sources. 
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The collar, therefore, appears to be the most effective 
measure in reducing arcing. In combination with dark 
space shielding over the cathode body ends, the collars 
have been found to substantially eliminate arcing during 
the reactive sputtering of silicon dioxide. 

For example , a dark shield or sleeve may be 
concentrically disposed about cathode body 12 and spaced 
from its surface. The shield may extend from end 25 of 
the cathode body a distance approximately equal to the 
dark space length (discussed below) and may extend to 
the edge of the sputtering zone, up to or just past 
circumferential line 24. The shield would thus encircle 
the end of the cathode body and the corresponding 
portion of collar 32. 

The shield is spaced from collar 32 to form a gap. The 
distance across this gap is less than the dark space 
length. The dark space is the region of gas discharge 
next to the cathode. Here, the electrons accelerate 
under an applied operating voltage to become adequately 
energized to cause ionization of the sputtering gas. 
The dark space length is a function of the type of 
sputtering gas, the gas pressure and the applied 
electric field. The dark space length may be on the 
order of three millimeters. 

The dark space shield protects the cathode body from the 
gas discharge and resultant ion bombardment. The shield 
around the end of the cathode body may prevent the 
sputtering gas discharge from contacting that end. The 
shield has a provision, such as a flange, for attachment 
to an appropriate support member, as will be described 
below. The shield is also insulated from this mounting 
surface so that it is el ctrically-isolated ther from. 



Thus, it floats electrically and acquires an electrical 
potential of the gas discharge. A preferred material 
for the shield is stainless steel. 

As shown in Figure 2, a rotating cylindrical magnetron 
40 may be mounted in a cantilevered fashion within an 
evacuable coating chamJaer 44. As is known, the 
substrates S to be coated pass beneath cylindrical 
magnetron 40 on compound rollers 41. The substrates may 
be coated with a thin film of silicon dioxide or other 
material . 

The cylindrical magnetron 40 includes a cathode body 4 3 
mounted to a rotatable vacuum seal unit 42. As is known 
in the art, unit 42 provides an arrangement by which the 
cathode body may be rotated while maintaining a vacuum 
in coating chamber 44. The vacuum unit 42 also provides 
the necessary electrical, mechanical and fluid 
connections between magnetron 40 and the area outside 
the vacuum chamber. The vacuum unit 42 is disposed and 
sealed by a flange 54 in an opening in side wall 50 of 
chamber 44 . The coating chamber is sealed by a top 
cover 46 having an appropriate vacuum seal 48. The top 
cover spans the distance between respective side walls 
50 and 52 of chamber 44. As is known, magnetron 40 may 
be installed in and removed from chamber 44 through top 
cover 46. 

The drive for rotating cathode body 43 is provided by 
an electric motor 56 mounted on a support bracket 58. 
The drive is transmitted to the cathode body by pulleys 
60 and 62, and a drive belt 64. 

Cooling water is fed into the cathode body through a 
stationary tube or conduit 66. As. shown, tube 66' 
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extends from coating chamber 44 to a location external 
thereof by means of vacuum eal unit 42. The tube 66 
also supports magnetic array 70 which is attached to the 
tube by appropriate brackets 72. The cooling water is 
removed via a tube or conduit 68 which also passes 
through vacuum seal unit 42. Tube 68 also carries the 
necessary electrical connections for magnetron 40. 

As is known, the end of the cathode body adjacent vacuum 
unit 42 is sealed by a sealing plug 78. The cooling 
water tubes 66 and 68 extend through this plug. A 
sealing plug 80 is located at the opposite end of the 
cathode body. It is recessed to provide a bearing 82 
about which the cathode body rotates. 

As noted, substrates S are transported past cylindrical 
magnetron 40 on compound rollers 41, The rollers are 
mounted on a shaft 100 which rotates in bearings 102. 
The bearings, in turn, are mounted on the floor or base 
plate 51 of the coating chamber. A series of such 
roller shafts separated from each other by a distance 
of about one foot may extend along the length of coating 
chamber 44 in the direction of transport of the 
substrates. They are rotated by a chain drive system, 
which is not shown. 

As previously discussed, cathode body 43 comprises a 
tubular member 74 having a target material 76 at the 
outer surface thereof. The tubular member may be formed 
of the target material, or a target material may be 
sprayed-coated onto a tubular member comprised of a non- 
target material such as stainless steel. 

In this mbodiment, collars 92 and 94 are formed at each 
end of cathode body 43 (see also Figure 3). As 



discussed, the collars extend from the respective ends 
of the cathode body into the erosion zone. Preferably, 
each collar 92, 94 extends into the erosion zone by a 
distance of approximately two inches for silicon 
sputtering. 

Dark space shields or sleeves 84 and 88 are 
concentrically disposed about collars 92 and 94, 
respectively, at each end of cathode body 43. The 
sleeves extend along the cathode body for at least one 
dark space length. The dark space length is the 
distance that an electron must travel under the applied 
cathode potential and gas pressure before it acquires 
enough energy to initiate ionization of the gas. For 
a voltage of about 500 volts and a sputtering pressure 
of about 3 millitorr, the dark space length is about 
3 mm. 

As shown more clearly in Figure 3, sleeye 84 is mounted 
to the face of vacuum seal unit 42 by means of insulated 
bushings 47 and screw 49. An electrical insulator 86, 
such as nylon, is disposed between the sleeve and the 
surface of the vacuum unit. Thus, the sleeve is 
electrically isolated from the vacuum unit. 

At the other end of the cathode body, sleeve 88 is 
attached to the end plug 80 by means of insulating 
bushings 81 and screw 83 An electrical insulator 90, 
such as nylon, is disposed between the plug 80 and 
sleeve 88 at the point at which the sleeve is attached 
to the plug 80 to electrically isolate the sleeve from 
the member. *• 

Also, as previously discussed, gaps 83, 85 are formed 
between sleeves 84, 88 and collars 92, 94, respectively^ 
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The distance across these gaps is less than the dark 
space length. As such, contact between the sputtering 
gas discharge and the unsputtered zone on the cathode 
body is reduced. 

For certain applications, the shield and collar 
arrangement may be located at only one end of the 
cathode body. Also, in some applications, the sleeves 
need not be electrically insulated from their mounting 
surface. In certain mounting configurations, the dark 
space shields or sleeves may be unnecessary. 

Another embodiment of the present invention is shown in 
Figure 4. Here, cathode body 143 of rotating magnetron 
140 is mounted to end blocks 114 and 116 in coating 
chamber 120. The end blocks house the bearings, 
electrical and water connections for magnetron 140. As 
is known, end blocks 114 and 116 are mounted at top 
wall or cover 110 of chamber 120 by means of appropriate 
vacuum sea^ls 117. The top wall 110 is sealed to side 
walls 121 and 123 of the chamber by vacuum seals 112. 

The cathode body 143 is driven by an electrical motor 
118 mounted at chamber top wall 110 by a support bracket 
138. The motor drive is transmitted by a shaft 120 to 
a gearbox 122. A shaft 124 extends from the gear box 
into the end block 116 where it is mechanically linked 
to cooling water tube or conduit 128. Txibe 128 is the 
output tube for the cooling water. The cooling water 
input tube 130 serves as the support for the magnetic 
bar or array 132. This txibe also extends from end block 
116. The magnetic bar 132 is mounted to txibe 130 by a 
bracket arrangement 134. Fluid connections 126 are also 
provided on end block 116 to introduce water into tiibe 
130 and to flow water from tube 128 by means of seals 



(not shown) inside block 116. A connection 154 at end 
block 114 is also provided to introduce electrical power 
to the magnetron. This is done through a brush contact 
within block 114 by way of a drive spindle 170. 

The cathode body 143 comprises tubular member 144 having 
a target material 142 at the outer surface thereof. The 
cathode body is sealed by plugs 160 and 162 at the 
respective ends thereof. Plug 160 is penetrated by tube 
128, and plug 162, which has a bearing 178 for tube 130, 
is attached to drive spindle 170. 

Collars 146 and 148 are located at each end of the 
cathode body. A sleeve 150 is attached to end block 114 
and isolated from it by electrical insulator 172. A 
sleeve 152 is also attached to end block 116 and 
insulated from it by insulator 174. 

A^ discussed in reference to the aboye embodiments, 
sleeves 150 and 152 extend along the length of the 
tubular member for at least one dark space length. The 
collars 146 and 148 extend into the erosion zone. 
Respective gaps 155 and 157 are formed between collars 
146, 148 and sleeves 150, 152. The distance across each 
gap is less than the dark space length. The mounting 
arrangement for these collars and sleeves is like that 
shown at the drive end of the magnetron of Figure 3A. 

Another embodiment of the present invention is shown in 
Figure 5. Here, cathode body 190 of rotating magnetron 
195 is shown as mounted in a cantilevered fashion. The 
advantages offered by this embodiments, however, are 
eq^:ally applicable to a double-ended mounting 
cc"i figuration. 
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As shown, cathode body 190 has its diameter reduced at 
each end. Collars 192 and 193 at each end are shaped 
to conform to the contour of the cathode body. A sleeve 
194 is mounted on a support member 196, such as the face 
5 of a vacuum sealing unit. The sleeve is electrically 

isolated from support member 196 by insulator 198. The 
sleeve's outside diameter is equal to or less than the ^ 
larger outside diameter of the cathode body. The sleeve 
extends around collar 193. 
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At the free end of the cathode body, a sleeve 202 is 
mounted on sealing plug 214 and electrically isolated 
from the cathode body by insulator 204. Sleeve 202 is 
arranged around collar 192 in the same manner as sleeve 
194. The magnetic array 208, and water cooling tubes 
15 210 and 212 are also shown. 

The gaps 200, 201 between the respective shields and 
collars is less than the cathode dark space length under 
normal sputtering conditions. In this embodiment, the 
entranced to gaps 200 and 201 are below the level of the 
20 cathode body. Thus, there is no line of sight contact 

between the gaps and target material 206 on the outer 
surface of the collars 192. As such, there is no direct 
access to gaps 200 and 201 for material sputtered from 
the target. 

25 Yet another embodiment of the present invention is shown 

in Figure 6. Here, cathode body ilO comprises tubular 
member 220 with target material 222 at the outer surface 
thereof. Collars 224, 226 with raised beaded sections 
or porfeio"^ 226a adjacent the target material are 

30 provided. The beads 224a, 226a are made high enough to 

prev nt sputtered material from entering gaps 200, 201 
between si eves 194, 202 and collars 224, 226, 
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respectively. The beads help to protect the shields 
from contamination. 

It will be apparent to those skilled in the art that the 
concepts described in this embodiment can also be 
5 applied to a double-ended mounting configuration. 

Yet another embodiment of the invention is shown in 
Figure 7. This embodiment provides an arc suppression 
system fully integrated into cathode body 230. The 
cathode body C9mprises tubular member 232 having target 

10 material 234 at the outer surface thereof. As 

previously described, collars 236, 238 are attached at 
opposite ends of the tubular member. A sleeve 240 is 
mounted on plug 24 2 by screws and electrically-isolated 
from the plug by an insulator 244. A second sleeve 246 

15 is mounted on plug 272 and electrically-isolated by 

insulator 250 in the same way as shown at the free end 
of the magnetron of Figure 3A. Cleaarance, typically 
less than the dark space length, is provided between the 
shield, and spindle 252 and a cathode support member. 

20 The cathode support members may be end blocks 116 and 

114, as shown in Figure 4. A drive spindle 252 extends 
from end block 116, and conduits 210 and 212 extend from 
end block 114. 

The present invention has been described in terms of a 
25 number of embodiments. The invention, however, is not 

limited to the embodiments depicted and described. 
Rather, the scope of the invention is defined by the 
appended claims. 
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WHAT IS CLAIMED IS: 



1. A rotating cylindrical magnetron sputtering 
apparatus for sputtering thin films of a selected 
coating material on a substrate using a gas discharge, 
comprising: an evacuable coating chamber; a cathode > 
including an elongated cylindrical tubular member having 
a layer oB target material at the surface thereof and 
having a sputtering zone extending along the length of 
said tubular member and circumferentially along a 
relatively narrow region thereof, said sputtering zone 
defining an erosion zone about said tubular member and 
along the length thereof; means for rotatably supporting 
said tubular member in said coating chamber; means for 
transporting an article past the sputtering zone to 
receive the sputtered material; and means on at least 
one end of said tubular member for suppressing arcing, 

2. The apparatus of Claim 1 in which said arcing 
suppressing means includes at least one collar of 
electrically-conductive material around the one end of 

2 0 said tubular member, said collar having an end 

substantially flush with the one end of said tubular 
member and the other end extending into the erosion zone 
a distance sufficient to minimize the deposition of 
coating material on the one end of said tubular member 
25 and on the support structure thereof. 

3. The apparatus of Claim 2 in which the arcing 
suppressing means further includes at least one 
cylindrical sleeve; means for mounting said sleeve so 
that it is positioned substantially concentrically 

3 0 around said collar with a gap therebetween being less 

than the cathode dark spac length, and said sleeve 
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extending along said cathode for at least one dark space 
length. 



4. The apparatus of Claim 3 in which said sleeve is 
mounted on a support means for the cathode. 

5. The apparatus of Claim 4 in which said sleeve is 
electrically-isolated from said support means. 

6. The apparatus of Claim 3 in which said sleeve is 
mounted on the cathode and electrically-isolated 
therefrom. 

7. The apparatus of Claim 3 in which said collar has 
a raised portion around the circumference thereof to 
minimize deposition of coating material on said sleeve. 

8. The apparatus of Claim 3 in which the diameter of 
said tubular member is reduced at the end covered by 
said sleeve to minimize deposition of coating material 
in the gap therebetween. 

9. The apparatus of Claim 2 in which the material to 
be sputtered is selected from the group consisting 
essentially of silicon, aluminum, zirconixim, tantalum, 
and an alloy of tin and zinc. 

10. The apparatus of Claim 9 in which the collar 
material is selected from the group consisting 
essentially of scandium, titanium, vanadium, chromium, 
manganese, iron, cobalt, nickel, zirconium, molybdenum, 
hafnium, tantalum, tungsten, rhodium, platinum and 
iridium; 
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11. The apparatus of Claim 2 in which the tubular 
member has a collar at each end thereof. 

12. The apparatus of Claims 1 or 2 in which the 
material to be sputtered is a low melting point 

5 material. > 

13. The ''apparatus of Claim 12 in which the collar 
material is selected from the group consisting 
essentially of scandium, titanium, vanadium, chromium, 
manganese, iron, cobalt, nickel, zirconium, molybdenum, 

10 hafnium, tantalum, tungsten, rhodium, platinum and 

iridium. 

14 . A cathode body for a rotating cylindrical magnetron 
wherein the magnetron provides a sputtering zone 
extending along the length of the cathode body and 
circumferentially along a relatively narrow region 
thereof, comprising: an elongated tubular member having 
a target material at the outer surface thereof^; and on 
at least one end of said tubular member a collar of 
electrically-conductive material extending along the 
length of said tubular member from said one end thereof 
into said sputtering zone. 

15. The cathode body of Claim 14 in which the collar 
has a raised section around the circumference thereof. 

16. The cathode body of Claim 14 in which said tubular 
25 member has a reduced diameter at least one end thereof. 

17. The cathode body of Claim 14 in which the tubular 
member has a reduced diameter at each end thereof. 
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18. The cathode body of Claim 16 or 17 in which said 
collar conforms to shape of the reduced diameter. 

19. The cathode body of Claims 14 or 15 in which said 
collar is located at each end of said tubular member. 

20. The cathode body of Claim 14, 15, 16, or 17 in 
which said target material is selected from the group 
consisting essentially of silicon, alximinum, zirconium, 
tantalum, and an alloy of tin and zinc. 

21- The cathode body of Claim 20 in which said collar 
is formed from a material selected from the group 
consisting essentially of scandium, titanium, vanadium, 
chromium, manganese, iron, cobalt, nickel, zirconium, 
molybdenum, hafnium, tantalum, tungsten, rhodium, 
platinum and iridium. 

22* The cathode body of Claims 14, 15, 16, or 17 in 
which said target material is a metal with a melting 
point less than about 700*C. 

23. The cathode body of Claim 22 in which said collar 
is fabricated of a material selected from the group 
consisting essentially of scandium, titanium, vanadixim, 
chromium, manganese, iron, cobalt, nickel, zirconium, 
molybdenum, hafnium, tantaltim, tungsten, rhodium, 
platinum and iridium. 

24. The cathode body of Claim 14 further including 
means for rotatably mounting the cathode body within an 
evacuable coating chamber. 

25. The cathode body of Claim 14 wherein one of said 
tubular member ends fits in a sleeve. 



wo 92/02659 



PCT/US91/05304 



-25- 



5 



10 



26. A rotating cylindrical magnetron for sputtering 
thin films of a selected coating material, comprising: 
an elongated cylindrical tubular member including a 
magnetic means for defining a sputtering zone extending 
along the length and circumferentially along a 
relatively narrow region of said tubular member; and a ^ 
collar of electrically-conductive material on at least 
one end of said tubular member and extending 
circumferentially about said tubular member, said collar 
extending from said one end into said sputtering zone. 

27. The rotating cylindrical magnetron of Claim 26 
further including a sleeve of electrically conductive 
material extending circumferentially about at least one 
end of said tubular member^ said sleeve extending along 
--j-a 4-,,VMiiaT- member for at least one dark space length. 
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See fig. 1. 

Hosokawa et al. , "Self -sputtering phenomena in high 
rate coaxial cylindrical magnetron sputtering", J. 
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See fig. 2. 
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See fig. 1. 
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Albmia 


SS 


Spatii 
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BI 


Slovenia 


AM 


Aimenia 


F1 


Finland 


• tT 


LUtiUXnia 


SK 


SkwaUa 


AT 


Auttiia 


FR 


I^ancc 


i LU 




8N 


Senegal 


Mi 


Austnlii 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azert»uin 


03 


United Kinvdoni 


MC 




TD 


Chad 


BA 


Basnia ind Hnzcgovm 


GE 


Geov^a 


MD 


RepvbUc of MotdOra 


TO 


Togo 


BB 


Butmdot 


GH 




MG 


Madagascar 


TJ 


Tristan 


BE 


Belgiiim 


CM 


GuHwa 


MK 


The faftnef YngocUv 


TM 


Tv^meQiftm 


BF 


Buifeina 


GR 


Greece 




R^ttbiie of Maocdonfa 


TR 


TMey 


BG 


Bulgiria 


HU 




ML 


Mall 


rr 


TVintdad and Tcfc^y 


BJ 


Benin 


IB 


Ireland 


MN 


Monpriia 


UA 


Ubtine 


BR 


Brazil 


IL 


Unci 


, MR 


ManritDiia 


UG 


agaada 


BY 




fS 


leelMd ! 


MW 


M^O^wi 


US 


United 5ute$ of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NB 


Niger 


VN 


Viet Nan 


CG 


COQfO 


KE 


Kenya 


. NL 


Ntthcilandt 


vo 


Yugoslavia 


CH 




KG 


KyijytstBn 


NO 


Norw^ 


zw 


Zimbabwe 


CI 


CAto d'lvoire 


KP 


DenuictBEic Pco^a's 


: N£ 


Hew Zealand 






CM 






Repttik Korea 




Inland 






CM 


Chbn 


ICR 


Ropublie ef Kmh 


PT 


Voting 






Cll 


CiUa 


KZ 


Kaxakatan 


RO 


Romania 






cz 




LC 


Saim tupa 


RU 


Ruflsian Pedention 






DB 


Gennany 


LI 


Cfectusntuiii 


SD 


Sudan 






DK 


Dcoti\aHc 


LK 


Sri Umlea 


SB 


Sweden 






EE 


EftOnia 


LA 


Uberia 


SG 


Siogapore 







